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indicated that the only solution to implementing a non-ovenized design was with Harwell’s 
four-stage power source combined with an ultra-low temperature coefficient resistor 
creating the most stable current source they could design.  VFR’s Bulk Metal® Foil resistor 
technology was so critical that there was no other manufacturer that made a commercially 
available solution with equal or even close performance. 

Zener references typically have a nominal output voltage of 7 V which is not conducive to 
the calibration workflow.  References must first be filtered and then amplified or trimmed to 
typical voltages of 10 V, 1 V, 5 V, or anywhere in-between depending on the end-user’s 
requirement.  A traditional resistor set gain amplifier encounters the same thermal issues 
as before resulting in gain error from the resistor’s temperature coefficients, with possible 
non-linear gain in the event of TCR mismatch.  By utilizing VFR’s ultra-low temperature 
coefficient resistors for all of the gain set resistors, gain error was significantly reduced and 
output stability ensured throughout the instrument’s operating range.  More importantly, 
output stability became more linear in relation to temperature thanks to the similar 
substrates and materials used in VFR resistors. 

Figure 2: Resistor comparison performance chart 
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Figure 3: VSMP used in the Harwell VR-5 5 V DC Reference 

“VFR’s Bulk Metal® Foil resistor technology was 
so critical that there was no other manufacturer 

that made a commercially available solution with 
equal or even close performance.” 
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Figure 4: FRSM used in the Harwell VR-3 10 V DC Reference 
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